The widespiread occurrence of non-glycolytic mechanisms of carbohydirate metabolism in mammalian tissues, plant tissues and microorganisms has recently been extensively investigated (Racker, 1954; Gunsalus et al., 1955; DeLey, 1955) . These studies have indicated that the oxidation of glucose by way of gluconic acid oIr 6-phosphogluconate is common in Escherichia coli, Pseudomonas species, Azotobacter vinelandii and other bacterial genera. The rieaction, in many instances, proceeds via phosphorylated glucose and is linked to adenosine triphosphate (ATP) which supplies phosphate to carbon 6 of the hexose. Triphosphopyridine or diphosphopyridine nucleotides (TPN, DPN) have been shown to act as hydrogen acceptors in the oxidation of glucose-6-phosphate to 6-phosphogluconate by yeasts, bacteria and animal tissues.
Similarly, the oxidation of galactose by way of galactonic acid has been demonstrated in Aerobacter cloacae (Vermeulen and DeLey, 1953) , Pseudomonas species (Asai et al., 1952; DeLey, 1955) and in the alga Iridophycus flaccidum (Bean and Hassid, 1955 After thorough mixing of the suspension with 60 g of levigated alumina (Norton Company, Worcester, Mass.), the mixture was transferred to a monel metal semi-micro jar accessory for the Waring blendor. The jar was fitted with a welded stainless steel jacket which was filled with crushed ice.
The suspension was then ground in the blendor for a total of 150 see in 10-see intervals, allowing a cooling period of 20 sec between each 10-sec grinding period. The number of viable cells was determined by surface plate count (Miles et al., 1938) before and after the grinding procedure. Subsequently, 25 ml of chilled saline was added to the mixture which was then centrifuged at 0 to 4 C for 2 hr at 1700 X G. The resulting opalescent amber colored supernatant fluid was decanted and this extract was employed for further enzymatic studies. This crude extract was partially purified by treatment with MnCI2 (Scott and Cohen, 1953) t All extracts were dialyzed after steps 1 through 4 against a total of 240 X their volume of distilled water at 0 to 4 C.
t Extract was treated with 0.1 volume of 0.25 M MnCI2.
The formation of gluconate and galactonate was demonstrated also in growth media inoculated with whole cells. In later studies the preparation was rendered cell-free by treatment with protamine sulfate (4 to 5 mg per 20 ml of crude extract), centrifugation (15000 X G, 20 min), and filtration of the supernatant through a Millipore Filter (Lovell Chemical Co., Watertown, Mass.). These additional steps did not alter the stoichiometry of the reactions described below.
Analytical. The identification of gluconate and galactonate was accomplished by lactonizing the acids and comparing the Rf values obtained after ascending paper chromatography with known samples of both lactones. Two solvent systems which provided clear separation of D-galactono-y-lactone and D-glucono-b-lactone were employed. These were the butanol layer of a n-butanol-ethanol-water (5:1:4) system (Abdel-Akher and Smith, 1951) and 2-butanone saturated with 1 N HCl.
After conversion of the lactones to their hydroxamic acids (Abdel-Akher and Smith, 1951), color as well as Rf value aided the identification. The spot coririesponding to galactonolactone was red-brown while gluconolactone reacted with the formation of a lighter brown color. Small quantities of the isomeric glucono--ylactone were found in known samples of glucono-5-lactone but these w-ere of sufficientlv different Rf value to cause no interference. In all experiments, rieaction pIroducts, knowns and mixtur es of the knowns were co-chromatographed and compared directly. The lactones in the biological samples were chromatographically pure and their concentration was determined by a modification of the method of Brodie and Lipmann (1955) .
Hexose utilization was followed by the procedure described by Morris (1948) . Respiratory data were obtained by Warburg manometry (Umbreit et al., 1949 The partially purified extract could be preserved as the (NH4)9S04-precipitated fraction at 0 to 3 C for at least 36 days without loss of activity. After dialysis of either the precipitated fraction or untreated extracts against distilled water (0 to 3 C), a precipitate was recovered from the dialysis bag. Activity was contained in this fraction and not in the supernatant fluid.
The crude ground extract had a high rate of endogenous 0, uptake which was lowered by 10 The system catalyzed the oxidation of glucose between pH 4.0 and pH 7.0 with a maximum rate at pH 5.5 (figure 2). Typical oxidative activity by the enzyme system (1.8 X 10' viable cells per ml) on glucose and galactose is shown in figure 1. Both hexoses were oxidized with the uptake of 0.5 u moles 02 per;u mole of substrate. Although total hexonic acid was measured after lactonization by heat, approximately 30 per cent of the end product was recovered as lactone at the termination of the oxidative reaction without heat treatment. However, known samples of gluconate were not lactonized enzymatically in detectable quantities. Thus, it appears that the acid end product is formed from intermediate lactone.
DISCUSSION
Similarities are evident in the enzyme system from M. pseudomallei described in this report and those derived from Pseudomonas fluorescens (Wood and Schwerdt, 1953) and Pseudnomnas aeruginosa (Claridge and Werkman, 1953) . In each case, activity was contained wholly within the fractions precipitated by (NH4)2S04 and added cofactor requirements were not demonstrated. However, the enzyme complex derived from the pseudomonads catalyzed the oxidation of glucose to 2-ketogluconate via gluconate while only the first step of this reaction could be demonstrated in the extracts from M. p8eudo-mallei which also oxidized galactose to galactonic acid.
Although the products of galactose oxidation were not reported in the abovementioned studies on the pseudomonads, others have demonstrated the intermediary role of galactonate in this genus as well as in A. cloacae and the alga L. flaccidum.
However, in other bacterial genera as well as in yeasts and animal tissues (Gunsalus et al., 1955; Hansen and Freedland, 1955) galactose was metabolized initially by interconversion with glucose by an enzyme system provisionally termed "galactowaldenase." Hansen and Freedland (1955) demonstrated that this interconversion occurred in unfractionated extracts of LactobaciUus bulgaricus when uridine diphosphohexose (UDPH) or uridine triphosphate was supplied in the reaction. After (NH4)2SO4 fractionation and dialysis, only UDPH served as a cofactor. In our study with M. p8eudomallei, hexose interconversion was not detected in reactions employing either whole or disrupted cells, and only the corresponding hexonic acid was demonstrated after glucose or galactose was oxidized. Further, since added nucleic acid cofactors were not required for galactose metabolism by partially purified and dialyzed extracts, it is unlikely that galactowaldenase plays a significant role in this strain.
The procedure for disrupting cells in the Waring blendor was suggested by the study of Lamanna and Malette (1954) . However, it was necessary to substitute alumina for small glass beads and to incorporate the modifications described in order to obtain enzymatically active cell extracts. Previous attempts to obtain such preparations by manual grinding, lysis by glycine (Maculla and Cowles, 1948) , lysozyme or toluene and alternate freezing and thawing were unsuccessful.
SUCMARY
The preparation and partial purification of an enzyme system from Malleomyces pseudomaUei which catalyzed the oxidation of glucose to gluconic acid and galactose to galactonic acid is described. Intermediary lactone formation was shown and the reaction was demonstrated also in growth media. The complete system was precipitated by (NH4)2S04 and was not stimulated by added TPN, DPN, ATP or Mg+ .
Only the corresponding hexonic acids were formed by oxidation of glucose or galactose and a "galactowaldenase" rearrangement was not detected. A modified procedure is described for disrupting cells by grinding in the Waring blendor.
